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Introduction
Li-ion batteries (LIBs) with high energy density are considered to apply in energy storage systems (ESSs), hybrid electric vehicles (HEVs) and electric vehicles (EVs) [1, 2] . But the commercial anode (graphite) of LIBs is the shortest board due to the low theoretical capacity (372 mAh·g -1 ) and the limited hosts of Li-ion intercalation [3] . So kinds of potential anode materials with higher theoretical capacity have been widely investigated including Li 4 Ti 5 O 12 , Si, graphene, TiO 2 , SnO 2 , Co 3 O 4 , MoS 2 and so on [4, 5] . Among them, the transition metal oxides (TMOs) (Co 3 O 4 , NiO, CoO, MnO 2 , et al.) have been focused on account of hosting more Li-ions on the conversion reaction [6] [7] [8] [9] [10] [11] . However, the practical applications are still hampered by the poor electrical conductivity, high voltage plateaus, and large volume expansion of TMOs [1, 3, 4] . As a result, ZnCo 2 O, one of binary TMOs, is considered as an attractive candidate, since Zn owns good electrochemical activity for Li-ion insertion/extraction [12] [13] [14] [15] [16] [17] . Thus far, kinds of ZnCo 2 O 4 materials and composites have been prepared via kinds of methods as follows. Through a solvothermal self-assembling process, flower-like porous ZnCo 2 O 4 microspheres (1.0-1.2 µm) delivers a high reversible specific capacity of 940 mAh·g -1 after 100 cycles at 0.1 A·g -1 [15] . ZnCo 2 O 4 /graphene M A N U S C R I P T
A C C E P T E D ACCEPTED MANUSCRIPT
3 has been prepared via a urea-assisted auto-combustion method with an enhanced rate capability of 378.1 mAh·g -1 at 4.5 C [16] . Self-supported ZnO/ZnCo 2 O 4 submicron rod arrays on Ni foil by an ammonia-evaporation-induced method have improved the Li-ion transfer and electrolyte permeability [17] . ZnCo 2 O 4 @C with 3D porous wrinkled-paper-like structure via a hydrothermal method has shown a fair cycling property [18] . Yolk-shell ZnCo 2 O 4 through an ultrasonic spray pyrolysis has possessed a reasonable structure and heat stability at 60 °C under 3 A·g -1 after 200
cycles [19] . Nevertheless, the electrochemical performance of ZnCo 2 O 4 , especially the rate capacity and the cycling stability, should be further developed.
Remarkably, defects and particular vacancies at metal oxides (MOs) play an important role in a variety of applications [20, 21] . These vacancies may be considered to be reactive agents, adsorption sites, electron donor sites, or small metal clusters, which directly influence electronic structure, charge transport, surface steady, and optoelectronic reactivity [21] . By annealing in an appropriate atmosphere, single-crystalline ZnO samples with Zn or O vacancies could affect the near band edge (NBE) signals directly [22] . And defective TiO 2 with O vacancies via air plasma treatment is intimately related to the optical absorption region/red shift (from 3.22 to 3.00 eV) [23, 24] . In addition, the defect adjustment can regulate effectively the electronic properties of different catalysts. For example, Co 3 O 4 with O vacancies on the surface is an enhanced catalyst for ethylene hydrogenation [25] ; and MnO 2 via
adjusting Mn Vacancies has a dramatic catalytic reaction active for HCHO oxidation [26] . So it is necessary to realize the distinct relationship between the Zn vacancies in were dissolved in deionized water to form a 100 mL homogeneous solution (Solution Electrochemical Measurements. All of electrochemical measurements were similar to our previous work including the type of coin cell, the composition of working electrode, the weight of active material, the electrolyte and so on [30] [31] [32] . 
Results and Discussion
The as-prepared ZnCo 2 O 4 precursor by simple liquid-phase co-precipitation is studied by XRD to confirm the crystalline phase [Eq. (1)]. As shown in Fig. S1 (Supporting Information), the main diffraction peaks correspond to the mixture of 
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The rate capabilities are evaluated by a multiple-step galvanostatic strategy at various current densities of 0.6~6.0 Ah·g -1 in Fig. 10b . At 0. Ah·g -1 , the average discharge capacity is recovered to 748.9 mAh·g -1 under the multiple-step high rates after many cycles. Furthermore, this facile strategy may be extended to design and construct other electrode materials with atomic vacancies for conversion devices.
AUTHOR INFORMATION
Corresponding Author
*E-mail: smxu@tsinghua.edu.cn.
*E-mail: zhenghe.xu@ualberta.ca.
*E-mail: junlian@ualberta.ca.
Notes
The authors declare no competing financial interest. 
